We consider the Skyrme model with SU(2) x SU(2) symmetry, and with the pion decay constant f = 186 MeV.
11'
U is a SU(2) matrix and the second term (L 2 ) is added to stabilize the and the baryon number density is given by
In order to have finite energy, the field S(r) must satisfy the constraints S(O) = n~ and S(~) = m~. where n and mare integers. These constraints lead to quantization of the baryon number. As is well known, the skyrmion is a soliton-like solution in this model and has baryon number 1.
The physical space consists of states with integer baryon number. Now, let us consider the following field configuration, (4) with r 2 > r 1 , where e(r) is the step function (e(r) = 1 for r > 0 and e(r) = 0 for r < 0) and s 0 is chosen to satisfy the condition, where N is identified with N of color gauge group of SU(N). Evidently, the baryon number of this field configuration is localized at r 1 and r 2 , and equals ±1/N, respectively.
(2), which is proportional 3 Furthermore, the first term of its energy in eq.
to (d 5 ) 2 has dominant contributions from the field dr ' configuration at r1 and r2 (the step function e(r) may be smoothed out so as J not to produce singular terms in the energy). Hence, we are tempted to think that the field configuration (4) represents a quark at r 2 and an antiquark at r 1 , which interact with each other by the potential given in the second term of the energy (2) . Indeed, this potential, ( 6) represents a linear potential and a Coulomb potential between the quarks.
Note that the distribution of the quarks is localized on the spherical shells, and as r 2 >> r 1 , the part of the potential depending only on r 2 is just the.
potential expected for a quark at r 2 around the antiquark. The confining potential arises from L 1 and the Coulomb potential from L 2 , which was to be expected since L 1 and L 2 are relevant for phenomena with long and short wave length, respectively. Therefore, it is reasonable to interpret the field configuration (4) as a quark and an antiquark interacting with each other by the potential (6) .
Obviously, we may consider other more complicated configurations which are not necessarily spherical. Then we will obtain corresponding potential energies of quarks whose wave functions have more complicated distributions.
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However, in those cases, it is more difficult to extract a potential energy between the quarks as point-like sources. Therefore, we have chosen the above configuration so as to determine the potential, although the configuration is unstable.
Although the quarks can be identified in the Skyrme model, they are not physical states. This circumstance resembles the situation in the bosonized form of the massive Schwinger 7 model, which doesn•t involve elementary fermions as physical states, and where we can identify confining forces between the fermions in a similar manner as stated above.
Numerically, the coefficients in the potential are (7) with N = 3 in eq. (5), where we have used an upper bound on e 2 which has been derived by Balachandran, et al. using P wave f f -ff scattering length.
Phenomenologically, a potential as in eq. (6) has been used in the calculation of the charmonium spectrum with the following values 6 of 0.16 < a < 0.2 (GeV 2 ) and 0.4 < b < 0.53
We thus find that the Skyrme model yields reasonable values for the quark-antiquark potential (the phenomenological values (8) include effects of the S quark, but they are negligible for our accuracy).
Finally, we show that the behavior of the confining potential (ar) in the large-N limit. In this limit f! «Nand s 0 « N-113 , so that This shows that a quark and an antiquark are strongly bound in the large N limit. Namely, the bound state of the quark and the antiquark (meson) is surrounded by an infinite barrier of the potential.
For lack of sufficient knowledge of the parameter e 2 ~nd of terms with higher derivatives than L 2 in eq.
(1), we can not infer the behavior of the potential inside the meson as N ~ oo. 
